We study the phase diagram of a Z(2) Higgs-gauge model with two species of Ising matter in D = 2 and D = 3. Di erently from the case with only one Ising species, this model exhibits a transition also at zero gauge coupling. Loop expansions and mappings on the 8-vertex and the Ashkin-Teller models are used to study the nature of the transitions in the extreme regions of the phase diagram. Relevant di erences with respect to the case of one species of Ising spins are found.
The gauge invariant Ising model with one set of Ising spins coupled to Z(2) gauge variables has been extensively studied as the simplest example of a gauge-Higgs system 1, 2]. In D = 3 the model is self-dual 1]; it can be related to spin-glasses 3] and to open surfaces 4, 5] . In D = 2 the model is dual to the Ising model in an external eld 1] and exhibits only one critical point. In any dimension, at zero gauge coupling, the model can be trivially solved and does not exhibit any transition.
In this letter we study by perturbative methods in D = 2; 3 the phase diagram of a Z (2) gauge-Higgs model with two species of spins 6], which is not trivial at zero gauge coupling. In D = 2 a possible relation of the model (1) with models describing multispecies Ising matter coupled to discretized quantum gravity has been proposed 6, 7] ; these models have been introduced in order to go beyond the c = 1 barrier in 2D quantum gravity 8].
In D = 3 the model can be related to an annehaled spin-glass 3] where di erent statistical weights are assigned to ferromagnetic and antiferromagnetic bonds. Indeed, the gauge- (2) where N is the total number of sites and~ M = 1=2 log cosh 2 M , which corresponds to the has recently been calculated with high precision in 6, 13] . In this section we will consider an expansion at small G which, although it cannot improve previous results on the location of the critical line, is useful for discussing the critical behaviour of the model, which has been the subject of recent simulations 6]. Moreover, the same expansion will be used in D = 3.
At the lowest order in tanh G the partition function (1) 
where N <> is the total number of links in the lattice. The last expression of (5) (6) where the sums are respectively on nearest neighbours, next-to-nearest neighbours and plaquettes of the lattice, and
We can recognize in (6) The dashed-dotted line comes out from the mean-eld approximation described in Appendix A, while the dotted line from the variational transfer matrix method of 13].
Recent (U ij tanh M )] 2 :
The smallest closed loop ? is a plaquette which contributes to renormalize the coupling G .
If we consider also terms of order (tanh M ) 6 give a tricritical point before the triple point. Therefore it is quite possible that a similar scenario could appear in model (1): the critical line starting at M = 0 could become rstorder at a tricritical point before intersecting at the point T of g.2 the rst-order line coming from g = 1; at the point T another transition line will merge which is critical at G = 0. It is also possible that higher order terms in the expansion at small G could give on this latter line a tricritical point separating the Ising critical behaviour in the region close to G = 0 from a rst-order behaviour close to the point T.
In conclusion we brie y summarize our results. We have studied multispecies Ising matter We would like to thank Dino Caroppo, Michele Caselle, Emilio Cirillo, Zhibing Li and Amos Maritan for valuable discussions about the subject of this paper.
Appendix. In this appendix we give the expressions of the mean-eld approximated freeenergies which have been used in studying the phase diagrams of gs.1,2. In the two-layers
Ising lm -see the case D = 2 before eq. (5) -for each site i of one plane, we consider independent averages m i and c i respectively for the spin at the site i and for the product of the spins in the two planes linked by a vertical bond in correspondence of the site i.
Following the standard mean-eld procedure we get the approximated free-energy given by: 
